optimized for some atom types to be used in conjunction with IPolQ charges. 1 The Lennard-Jones (LJ) potential for two atoms i and j separated by a distance R can be written as
The potential is determined through two parameters, the well depth ε i j and a characteristic distance R 0 i j or σ i j with R 0 i j = 2 1/6 σ i j . The Lorentz-Berthelot combining rules are used for determining the parameters for any given atom pair i j according to
In our simulations we studied glycyl-L-alanine (Gly-Ala) which exists in its zwitterionic form in solution. In AMBER, these residues are called NGLY and CALA. Table 1 lists atom types of NGLY and CALA residues along with AMBER ff12SB force field charges and IPolQ 1 charges.
The characteristic distance R 0 i is listed for atom types if it has been reparametrized 1 for IPolQ charges to improve hydration free energies with the TIP4P-Ew 4 water model.
The most prominent differences between ff12SB charges and IPolQ charges are in the terminal amino group and the atoms forming the peptide bond. For the amino group, significantly higher partial charges are assigned to the nitrogen and hydrogen atoms and the sign of the charge is inverted on the amino nitrogen atom. A reduced R 0 i value for the terminal amino nitrogen atom should lead to a stronger solvation for IPolQ as compared to ff12SB. IPolQ charges lead to a larger polarity in the amide group, leading to stronger solvation by polar water, while increased R 0 i for both the amide oxygen and amide nitrogen atoms should weaken the solvation. Charges of the carboxylate oxygen atoms remain nearly identical, however, R 0 i is increased for IPolQ which should weaken solvation. These modified charges and LJ parameters will affect both (de)solvation and peptide:peptide interactions. 
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Radial distribution functions (RDFs) obtained from simulations in the canonical ensemble (NV T ) according to the protocol described in the main manuscript are shown in Figure 1 to Figure 5 . The simulations were performed at the experimental density of 0.1 atoms per Å 3 (50 glycyl-L-alanine dipeptide molecules solvated with 1,001 water molecules in a cubic box of 34.2 Å side length). In general the RDFs are very similar to the RDFs from simulations in the isobaric-isothermal (N pT ) ensemble (see main manuscript). Forcing the density to remain at the experimental value of 0.1 atoms per Å 3 leads to slightly increased structure in the solutions, that is, we observe slightly in- 
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Here we demonstrate the convergence of our simulations with respect to the radial distribution functions that are most important in characterizing the dipeptide aggregation. These are the RDF g(r OC−HX ) between carboxylate oxygen atoms on the ALA residue (OC) and amino hydrogen atoms on the GLY residue (HX) and the RDF g(r CB−CB ) between the methyl carbon atoms of the ALA side chain (CB). The convergence of our NV T simulations is shown in Figure 6 and Figure 7 while the convergence for our N pT simulations is shown in Figure 8 and Figure 9 . We show the simulated RDFs in comparison to experimental results obtained from empirical potential structure refinement (EPSR) based on neutron diffraction enhanced by hydrogen isotope substitution. 5 For fixed point-charge force fields (AMBER ff12SB, 2,3 IPolQ and IPolQ+vdW, 1 CHARMM c36, 6 TIP3P 7 and TIP4P-Ew 4 water models) we compare results from 30 ns, 60 ns and 90 ns of a 100 ns trajectory (the initial 10 ns were discarded from the analysis) and 90 ns of a second 100 ns trajectory with different initial conditions (random velocities). For the polarizable AMOEBA force field we compare results from 3 ns, 6 ns and 9 ns of a standard MD simulation and in the case of N pT compare this also to results from 10 ns of an accelerated MD (aMD) simulation. The use of aMD can extend the effective sampling by 2 to 3 orders of magnitude, and was therefore used to check the convergence of the conventional AMOEBA simulations. Figure 6 and Figure 8 show that g(r OC−HX ) is clearly converged for all simulations. The results for fixed point-charge force fields barely change with increasing trajectory length and the results from two different trajectories agree perfectly. The AMOEBA simulations also appear to be well converged. The RDF does not change by going from 3 ns to 9 ns and, in the case of N pT , is essentially identical to the 10 ns aMD result. The RDF g(r CB−CB ), shown in Figure 7 and Figure 9 is harder to converge, in particular if the force field correctly describes aggregation. In the case of AMOEBA, The small difference in the magnitude of the peak around 5.5 Å is likely due to the modifications in the potential with the aMD method. In summary, convergence with simulation time is very good and simulations with different starting conditions lead to identical or very similar results. Figure 9 : N pT ensemble: Convergence of the radial distribution function g(r CB−CB ) between alanyl side chain methyl carbon atoms obtained from 30ns, 60ns and 90ns simulation in comparison to a repeated 90ns simulation from different starting conditions. Radial distribution functions with AMOEBA are obtained from 1ns, 2ns and 3ns simulation and compared to 10ns simulation with accelerated MD.
